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ZENER ZAP DIODE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Zener Zap diode having 
a construction in Which a conductive layer such as a poly 
crystalline silicon layer is formed on an outer base region 
constituting a base region and a contact betWeen the con 
ductive layer and a metal interconnecting layer for a base 
electrode is formed. 

2. Description of Related Art 
FIG. 1 illustrates a construction of a conventional Zener 

Zap diode formed at the same time With bipolar transistors, 
Which Will noW be described using the references of parts 
from the bipolar transistor formed at the same time With the 
Zener Zap diode. In this ?gure, a device isolation ?lm 103 by 
means of the LOCOS (Local Oxidation of Silicon) method 
is selectively formed in an N-type Well region 102 formed on 
a P-type silicon substrate 101. An insulation ?lm 104 for 
determining an area in Which an outer base region 107 of a 
P-type described later is formed is selectively formed on the 
device isolation ?lm 103 and the N-type Well region 102. 
Furthermore, a ?rst polysilicon layer 105 as a base lead 
electrode is formed so as to partially cover the insulation 
?lm 104. The polysilicon layer 105 is overlaid With a ?eld 
insulation ?lm 106. 

The outer base region 107 Which is made of a P-type 
impurity diffusion layer and constitutes a base region, and an 
active base region 108 are formed in areas adjacent to the 
surface of the silicon substrate 101 determined by the 
insulation ?lm 104. An emitter region 109 made of an 
N-type impurity diffusion layer is formed in the silicon 
substrate 101 on the upper side of the active base region 108. 
The emitter region 109 and the active base region 108 
constitute a PN junction of the Zener Zap diode. 

A pit 110 reaching the emitter region 109 through the 
polysilicon layer 105 and the ?eld insulation ?lm 106 is 
formed on the upper side of the emitter region 109. A side 
Wall insulation ?lm 111 made of a silicon oxide ?lm is 
formed around the inner Wall of the pit 110 to completely 
isolate the emitter region 109 from the polysilicon layer 105. 
A second polysilicon layer 112 as an emitter lead elec 

trode is formed on the emitter region 109 and is extended to 
overlay the side Wall 111 and a part of the ?eld insulation 
?lm 106. Ametal interconnecting layer 113-1 for connecting 
the emitter lead electrode is selectively formed on the 
polysilicon layer 112. 

The ?rst polysilicon layer 105 extends to the upper 
surface of the insulation ?lm 104 formed on the device 
isolation ?lm 103. A pit 114 reaching the polysilicon layer 
105 is provided With the ?eld insulation ?lm 106 above the 
device isolation ?lm 103. Forming the pit 114 gives a 
contact 114a betWeen the polysilicon layer 105 and a metal 
interconnecting layer 113-2 for the base. 

Thus, in the conventional Zener Zap diode, to reduce the 
parasitic capacity of the outer base region 107, the contact 
114a betWeen the ?rst polysilicon layer 105 connected to the 
outer base region 107 and the metal interconnecting layer 
113-2 has been disposed above the device isolation ?lm 103. 

In the manufacturing process of the integrated circuit (IC) 
comprising multiple semiconductor devices such as bipolar 
transistors and Zener Zap diodes, the so-called trimming 
process is a common exercise. The trimming process is 
conducted to save the IC chip from being disposed as totally 
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defective due to a partial failure of the semiconductors. 
Namely, When there is a partial failure among the multiple 
semiconductor devices formed on one IC chip, the junctions 
con?guring the semiconductor devices in failure are cut off, 
or on the contrary, short-circuited to change the defective 
semiconductor devices into resistors; thus saving the total of 
the IC chip. Especially When the semiconductor devices are 
Zener Zap diodes, the method called Zener Zap trimming is 
applied. 

HoWever, in the conventional Zener Zap diode in Which 
the contact r abetWeen the ?rst polysilicon layer 105 con 
nected to the outer base region 107 and the metal intercon 
necting layer 113-2 is disposed above the device isolation 
?lm 103, as shoWn in FIG. 1, trimming Will cause the 
folloWing problems. 
When the Zener Zap trimming method is applied to a Zener 

Zap diode, that is, short-circuiting is done betWeen the active 
base region 108 and the emitter region 109 to Zap the PN 
junction, a ?lament 120 is formed from the emitter region 
109 through the metal interconnecting layer 113-2 of the 
base lead region, as shoWn in FIG. 2. The ?lament 120 is an 
alloy of aluminum and silicon constituting the metal inter 
connecting layer 113-2, Which is a product by a short 
circuiting current running from the metal interconnecting 
layer 113-1 on the emitter side through the metal intercon 
necting layer 113-2 on the side of the base. The ?lament 120 
is not formed in the silicon oxide ?lm, and is formed only 
in the conductive layer and semiconductor layer. Therefore, 
as shoWn in FIG. 2, the ?lament 120 is not formed in the 
device isolation ?lm 103 and the insulation ?lm 104 thereon, 
and is concentratedly formed in an inner area of the poly 
silicon layer 105 as far as an area above the device isolation 
?lm 103 is concerned. Thereby, an excessive stress is 
applied to the ?eld insulation ?lm 106 on the polysilicon 
layer 105, thus producing a possibility for a damage includ 
ing cracks. Furthermore, the depth of the ?lament 120 is less 
than the depth of the polysilicon layer 105 in the area above 
the device isolation ?lm 103; and therefore, the resistance 
after trimming increases in this area. Still more, the area in 
Which the ?lament 120 is formed is not stabiliZed, and is 
inclined to be differently formed by each trimming and the 
resistance after trimming is dispersed to a large extent. 
Consequently, it has been difficult to secure a suf?cient 
reliability on the IC chip regenerated by the trimming. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the 
foregoing problems, and an object of the invention is to 
provide a Zener Zap diode Whereby the problems accompa 
nied With the trimming are removed to secure a high 
reliability, and a method of manufacturing the same. 
A Zener Zap diode relating to the present invention is 

provided With a ?rst region of a ?rst conductive type and a 
second region of a second conductive type constituting a PN 
junction in an area adjacent to a surface of a semiconductor 
substrate, a conductive layer as an electrode formed on a 
third region of the ?rst conductive type connected to the ?rst 
region of the ?rst conductive type, and a metal intercon 
necting layer for the electrode electronically connected to 
the conductive layer. In the Zener Zap diode, at least a part 
of a contact betWeen the conductive layer and the metal 
interconnecting layer for the electrode is disposed so as to 
overlie the third region of the ?rst conductive type. 

Another Zener Zap diode relating to the invention, Whose 
construction Will be described using the references of parts 
from the bipolar transistor formed at the same time With the 
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Zener Zap diode, is provided With a base region and an 
emitter region constituting a PN junction of the Zener Zap 
diode in an area adjacent to a surface of a semiconductor 
substrate, a conductive layer as a base lead electrode formed 
on an outer base region of the base region, and a metal 
interconnecting layer for a base electrode electronically 
connected to the conductive layer. In the Zener Zap diode, at 
least a part of a contact betWeen the conductive layer and the 
metal interconnecting layer for the base electrode is dis 
posed so as to overlie the outer base region. 
A method of manufacturing a Zener Zap diode relating to 

the invention, Which Will be described using the references 
of parts from the bipolar transistor formed at the same time 
With the Zener Zap diode, comprises the steps of: forming a 
?rst conductive layer as a base lead electrode so as to 
overlay a surface of a semiconductor substrate in Which an 
outer base region constituting a PN junction of the Zener Zap 
diode is to be formed; forming a second conductive layer as 
an emitter lead electrode so as to overlay a surface of a 
semiconductor substrate in Which an emitter region consti 
tuting the PN junction is to be formed; forming the outer 
base region and the emitter region, respectively, in areas 
adjacent to surfaces of the semiconductor substrate overlaid 
by the ?rst conductive layer and the second conductive 
layer; and forming a contact betWeen the ?rst conductive 
layer and a metal interconnecting layer for a base electrode 
so that at least a part of the contact is disposed to overlie the 
outer base region. 

Another method of manufacturing a Zener Zap diode 
relating to the invention, Which Will be described using the 
references of parts from the bipolar transistor formed at the 
same time With the Zener Zap diode, comprises the steps of: 
selectively forming a device isolation ?lm on a ?rst con 
ductive type semiconductor substrate, and afterWard, selec 
tively forming an insulation ?lm for determining a device 
active region on the semiconductor substrate and the device 
isolation ?lm; forming a ?rst conductive layer containing 
second conductive type impurities on the semiconductor 
substrate of the device active region determined by the 
insulation ?lm; forming a ?eld insulation ?lm on the ?rst 
conductive layer, and afterWard, forming a ?rst pit reaching 
the semiconductor substrate on a speci?c position in the 
device active region through both of the ?eld insulation ?lm 
and the ?rst conductive layer; forming an active base region 
by introducing ?rst conductive type impurities into the 
semiconductor substrate through the ?rst pit; forming a side 
Wall insulation ?lm around the side Wall of the ?rst pit, and 
afterWard, forming a second conductive layer containing the 
?rst conductive impurities so as to overlay an inside of the 
?rst pit; forming an emitter region and an outer base region 
connected to the active base region by diffusing the second 
conductive impurities in the ?rst conductive layer and the 
?rst conductive impurities in the second conductive layer 
into the semiconductor substrate; and forming a second pit 
on the ?eld insulation ?lm formed on the ?rst conductive 
layer so that at least a part of the second pit is disposed to 
overlie the outer base region, and thereby forming a contact 
betWeen the ?rst conductive layer and a metal interconnect 
ing layer for a base electrode. 

In the Zener Zap diode relating to the present invention, 
the contact betWeen the conductive layer (?rst conductive 
layer) and the metal interconnecting layer for the base 
electrode is disposed so as to overlie the outer base region. 
Consequently, there is a less insulation ?lm under the 
conductive layer compared to a conventional one, or not any 
insulation ?lm under the conductive layer Which hinders 
forming the ?lament When the Zener Zap trimming is con 
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4 
ducted. Accordingly, the ?lament is Widely formed to 
expand into the semiconductor substrate under the conduc 
tive layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be fully understood from the 
detailed description given beloW and from the accompany 
ing draWings of the preferred embodiments of the invention, 
Which, hoWever, should not be taken to limit the speci?c 
embodiment, but are for explanation and understanding, in 
Which: 

FIG. 1 is a sectional vieW shoWing a construction of a 
conventional Zener Zap diode; 

FIG. 2 is a sectional vieW shoWing a state When the Zener 
Zap trimming is conducted to the Zener Zap diode of FIG. 1. 

FIG. 3 is a sectional vieW for explaining the construction 
of the Zener Zap diode relating to one embodiment of the 
present invention; 

FIG. 4 is a sectional vieW shoWing a state When the Zener 
Zap trimming is conducted to the Zener Zap diode of FIG. 3; 

FIG. 5 is a process chart for explaining the method of 
manufacturing the Zener Zap diode of FIG. 3; 

FIG. 6 is a process chart to folloW FIG. 5; 

FIG. 7 is a process chart to folloW FIG. 6; 

FIG. 8 is a process chart to folloW FIG. 7; 

FIG. 9 is a process chart to folloW FIG. 8; 
FIG. 10 is a process chart to folloW FIG. 9; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Preferred embodiments of the present invention Will here 
after be described in detail With reference to the accompa 
nying draWings. 

FIG. 3 shoWs a sectional construction of a Zener Zap diode 
relating to one embodiment of the invention, Which Will be 
described using the references of parts from the bipolar 
transistor formed at the same time With the Zener Zap diode. 

As shoWn in this ?gure, a device isolation ?lm 13 by 
means of the LOCOS method is selectively formed on an 
N-type Well area 12 formed on a P-type silicon substrate 11. 
An insulation ?lm 14 for determining an area in Which a 
P-type outer base region 17 is selectively formed. A ?rst 
polysilicon layer 15 as a base lead electrode (?rst conductive 
layer) is formed so as to overlay a part of the insulation ?lm 
14 and the silicon substrate 11. The polysilicon layer 15 is 
overlaid With a ?eld insulation ?lm 16. HoWever, in this 
embodiment, the device active region in the silicon substrate 
11 determined by the insulation ?lm 14 is more Widely 
allocated compared to the conventional one (FIG. 1). 
An outer base region 17 and an active base region 18 

Which are made of a P-type impurity diffusion layer and 
constitute a base region are formed in areas adjacent to the 
surface of the silicon substrate 11. Here, the outer base 
region 17 is made Wider than the conventional one, as 
mentioned above. An emitter region 19 as an N-type impu 
rity diffusion layer is formed on the silicon substrate 11 on 
the upper side of the active base region 18. The emitter 
region 19 and the active base region 18 constitute a PN 
junction of the Zener Zap diode therebetWeen. 
A pit 20 reaching the emitter region 19 through the 

polysilicon layer 15 and the ?eld insulation ?lm 16 is formed 
on the upper area of the emitter region 19. A side Wall 
insulation ?lm 21 made of a silicon oxide ?lm is formed 
around the inner Wall of the pit 20 to electronically isolate 
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the emitter region 19 from the polysilicon layer 15. Asecond 
polysilicon layer 22 as an emitter lead electrode (second 
conductive layer) is formed on the emitter region 19, Which 
is patterned to extend to the side Wall insulation ?lm 21 and 
a part of the ?eld insulation ?lm 16. A metal interconnecting 
layer 23-1 for connecting the emitter lead electrode is 
selectively formed to overlay the polysilicon layer 22. 

The ?rst polysilicon layer 15 extends to overlay the Wide 
outer base region 17 and a part of the insulation ?lm 14 near 
the edge of the device isolation ?lm 13. The ?eld insulation 
?lm 16 above the outer base region 17 is provided With a pit 
24 reaching the polysilicon layer 15, Which forms a contact 
24a betWeen the polysilicon layer 15 and a metal intercon 
necting layer 23-2 for the base. 

Thus in this embodiment, the contact 24a for leading out 
the outer base is formed not above the device isolation ?lm 
13, but above the outer base region 17. Therefore, under the 
?rst polysilicon layer 15 as the outer base lead electrode, 
there are not any insulation ?lms (device isolation ?lm 13 
and insulation ?lm 14) to hinder forming the ?lament, Which 
is totally different form the conventional one. Consequently, 
applying the Zener Zap trimming method to a Zener Zap diode 
of this construction, namely, short-circuiting the active base 
region 18 and the emitter region 19 to Zap the PN junction 
Will form a ?lament 30, as shoWn in FIG. 4, Which extends 
not only into the polysilicon layer 15, but also Widely into 
the N-type Well region 12. Therefore, the Zener Zap diode of 
this construction Will not produce damages such as cracks 
due to an excessive stress to the ?eld insulation ?lm 16, or 
Will not increase the resistance betWeen the metal intercon 
necting layer 23-1 and 23-2 after the trimming. Furthermore, 
in this embodiment, the area in Which the ?lament 30 is 
formed is comparably stabilized, and the resistance does not 
Widely disperse by each trimming. 

Next, the method of manufacturing the Zener Zap diode of 
the foregoing construction Will be described using the ref 
erences of parts from the bipolar transistor formed at the 
same time With the Zener Zap diode. 

As shoWn in FIG. 5, an N-type monocrystal silicon layer 
is deposited in epitaxy on the P-type silicon substrate 11 to 
form the N-type Well region 12, and afterWard, the device 
isolation ?lm 13 of a silicon oxide ?lm is selectively formed 
in the N-type Well region 12 by means of the LOCOS 
method. Furthermore, the isolation ?lm 14 (silicon oxide 
?lm) for determining an area in Which the outer base region 
17 is formed is selectively formed on the device isolation 
?lm 13 and the N-type Well region 12 by, for example, the 
thermal oxidation method. Here, the device active region of 
the silicon substrate 11 determined by the isolation ?lm 14 
is allocated Wider than the conventional one. 

Next, as shoWn in FIG. 6, the ?rst polysilicon layer 15 as 
the base lead electrode is formed so as to overlay a part of 
the isolation ?lm 14 and the silicon substrate 11 by means of, 
for example, the Chemical Vapor Deposition (CVD) 
method. And afterWard, a P-type impurity, for example, a 
boron, is doped into the Whole surface of the polysilicon 
layer 15, and furthermore, a part of the device isolation ?lm 
13 is selectively removed by patterning the polysilicon layer 
15. 

Next, as shoWn in FIG. 7, the ?eld insulation ?lm 16 of 
the silicon oxide ?lm is formed on the Whole surface by 
means of, for example, the CVD method. And afterWard, the 
pit 20 is formed to reach the silicon substrate 11 through the 
?eld insulation ?lm 16 and the polysilicon layer 15. 

Next, as shoWn in FIG. 8, a thin silicon oxide ?lm 25 is 
formed on the silicon substrate 11 in the pit 20, and 
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6 
afterWard, for example, ions of boron are implanted through 
this pit 20 into the silicon substrate 11 to form the P-type 
active base region 18. 

Next, as shoWn in FIG. 9, after the silicon oxide ?lm being 
formed on the Whole surface, the side Wall insulation ?lm 21 
is formed around the inner Wall of the pit 20 by applying 
etching on the Whole surface by means of the anisotropic 
etching method. 

Next, as shoWn in FIG. 10, the second polysilicon layer is 

formed on the Whole surface, and afterWard, an arsine being an N-type impurity is doped into the Whole surface, 

and the surface is patterned to form the polysilicon layer 22 
as the emitter lead electrode. And then, the arsine in the 
polysilicon layer 22 is diffused into the active base region 18 
by annealing to form the emitter region 19. And, the boron 
in the polysilicon layer 15 is diffused into the N-type Well 
region 12 to form the outer base region 17. 

Next, as shoWn in FIG. 10, the pit 24 reaching the 
polysilicon layer 15 is formed on the ?eld insulation ?lm 16 
overlying an area of the polysilicon layer 15 Which does not 
overlap With the insulation ?lm 14 and the device insolation 
?lm 13, namely, an area right above the outer base region 17. 
And then, the metal interconnecting layer of aluminum or 
the like is formed on the Whole surface, Which is patterned 
to form the metal interconnecting layer 23-1 for the emitter 
lead electrode on the polysilicon layer 22, and the metal 
interconnecting layer 23-2 for the base lead electrode is 
formed so as to overlay the pit 24. 

And afterWard, a protection ?lm not illustrated is formed 
on the Whole surface to complete the manufacturing process. 

In IC chips integrated With bipolar transistors of a poly 
silicon double layer structure, the processes of forming the 
Zener Zap diode described above can be done at the same 

time With the processes of forming the bipolar transistors; 
and therefore, the Zener Zap diode can be formed Without 
increasing the processes. In this case, the process can be 
applied to both of the NPN-type and the PNP-type bipolar 
transistors. HoWever, in case of a mixed integration With the 
PNP-type bipolar transistor, it is necessary to form an N-type 
epitaxial layer on a P-type silicon substrate, to form a P-type 
Well region on this N-type epitaxial layer, and to form an 
emitter as a P-type impurity diffusion region and a base as 
an N-type impurity diffusion region. 

Furthermore, in the Zener Zap diode, since the parasitic 
capacity of the outer base region 17 does not have a 
signi?cant in?uence, there is not much problem even if the 
contact 24a for the base lead electrode is not disposed above 
the device insulation ?lm 13. 
The present invention is not con?ned to the foregoing 

embodiment, but various modi?cations and changes are 
possible. In the foregoing embodiment, for instance, Whole 
the contact 24a for the base lead electrode is disposed right 
above the outer base region 17, hoWever, only a part of the 
contact 24a may be disposed right above the outer base 
region 17. In such a construction, although the area in Which 
the ?lament 30 is formed is slightly restricted compared to 
the aforementioned embodiment, the area becomes Wider 
than the conventional one, thus achieving the foregoing 
effect. 
As described hereinabove, according to the Zener Zap 

diode and the manufacturing method of the same relating to 
the present invention, at least a part of the contact betWeen 
the conductive layer and metal interconnecting layer for the 
base electrode is disposed to overlie the outer base region so 
that the insulation ?lm does not underlie the conductive 
layer as much as possible. Therefore, the ?lament, the alloy 
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made of the metal and the material of the semiconductor 
substrate When the Zener Zap trimming is conducted can be 
formed Widely into the area of the semiconductor substrate 
under the conductive layer Without being restricted. Thus, 
the ?lament is not con?ned to being formed only in the 
conductive layer due to the presence of the insulation ?lm 
thereunder as in the conventional one. Therefore, damages 
such as cracks caused by an excessive stress to the ?eld 
insulation ?lm overlying the conductive layer and the resis 
tance increase of devices after trimming can be avoided. 
Furthermore, since the area in Which the ?lament is formed 
is comparably stabiliZed, the resistance by each trimming is 
rarely Widely dispersed. That is, a suf?cient reliability Will 
be secured to the IC chip regenerated by the trimming. 

While the speci?c embodiments of the present invention 
have been illustrated and described herein, it is realiZed that 
numerous modi?cations and changes Will occur to those 
skilled in the art. It is therefore to be understood that the 
appended claims are intended to cover all such modi?cations 
and changes as fall Within the true spirit and scope of the 
invention. 
What is claimed is: 
1. A Zener Zap diode comprising: 
a semiconductor substrate having a substrate surface; 

a ?rst diode region of a ?rst conductivity type disposed in 
said substrate; 
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a second diode region of a second conductivity type 

disposed in said substrate and forming a PN junction in 
combination With said ?rst diode region in an area 
adjacent to the substrate surface; 

a ?rst metalliZed region on said substrate surface electri 
cally connected to said PN junction; 

a third region of said ?rst conductivity type in said 
substrate, said third region being an extension of said 
?rst region and being spaced from said PN junction; 

a conductive layer overlying said third region on said 
substrate surface; 

a second metalliZed region in electrical contact With said 
conductive layer, said second metalliZed region being 
separate and spaced from said ?rst metalliZed region 
and forming an interface With said conductive layer, at 
least a portion of said interface overlying said third 
region; and 

said substrate and said conductive layer having a path 
betWeen said ?rst metalliZed region and said second 
metalliZed region Which is substantially free of any 
insulating material to alloW formation of a conductive 
path betWeen said ?rst metalliZed region and said 
second metalliZed region for Zap trimming. 

* * * * * 


